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Abstract                                                                                                                                                                                                         
A solar heat driven basic adsorption cooling system with silica-gel-water pair has been investigated analytically.   Two cases 
have been studied. Performance of the chiller with different collector numbers, cycle time and heat storage.  First, the 
performance of a basic adsorption cycle directly coupled with solar collector has been studied. Later, the performance of the 
chiller with heat storage has been investigated analytically. The investigation was carried on the climatic conditions of Dhaka, 
Bangladesh. The study reveals that heat storage is more effective than the direct solar coupling; however, it requires more 
collectors depending on the size of the storage tank. The analysis shows that cycle time is one of the most influential parameter 
for solar driven adsorption cooling system. It is also observed that the size of collector can be reduced if proper cycle time was 
adjusted. The analysis also revealed that the system with 20 collectors (each of 2.415m2) along with 1000s cycle time provides 
better performance for the base run conditions. It is also seen that the solar driven adsorption chiller with heat storage works well 
beyond the sunset time. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Department of Mechanical Engineering, Bangladesh University of 
Engineering and Technology (BUET). 
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1. Introduction 
At present, in the field of energy systems the study in various energy conversion systems mainly heat pumps, 
sorption systems, energy conversion and storage devices are in the top priority. Adsorption refrigeration and air 
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conditioning cycles have earned considerable attention due to its ability to utilize low temperature heat source and 
for the environmental aspects as it uses environment friendly refrigerants. The advantage and development of 
adsorption cycle have been widely studied by Meunier [1]. Later, researchers have made development to adsorption  
technology. In this respect, some have considered the improvement of the COP values while the others focused on 
the system cooling capacity. Advanced cascaded cycle [2], thermal wave cycles [3] have been introduced   for the 
enhancement of COP values. While mass recovery cycle [4-5] is for improvement of system cooling capacity. 
Advanced multiple-bed system [6], such as three-stage [7] and two-stage [8] cycles could be effective for utilization 
of low temperature heat source. 
Adsorption technology with solar coupling could be one of the attractive and alternative energy source to produce 
necessary cooling instead of conventional energy source. Sakuda and Suzuki [9], Leite and Daguenet [10], 
Boubarkri [11] studied solar ice making with adsorption technology coupled with solar heat collectors. Yang and 
Sumanthy [12] first exploited the lumped parameter model for two beds adsorption cycle driven by solar heat. Later, 
Clausse et al. [13] investigated the performances of a small adsorption unit for residential air conditioning in 
summer and heating during the winter period for the climatic condition of Orly, France. And Zhang et al. [14] 
investigated the operating characteristics of silica gel-water pair as adsorbent/ adsorbate utilizing solar powered 
adsorption cooling system. Recently Alam et al [15] investigated the performances of solar collector driven 
adsorption cooling system under the climatic condition of Tokyo, Japan. A similar study has been carried out by 
Rifat et al [16] for the climatic condition of Dhaka, Bangladesh. Later, effect of the operating conditions for a two 
bed basic adsorption cycle with silica gel-water pair powered by solar heat has been investigated [17].  
In the present study the performance of a two bed adsorption cooling system which is run by solar heat, with 
silica gel-water pair as adsorbent/ adsorbate, is analyzed mathematically for two cases under the climatic condition 
of Dhaka. The place is located in the northern hemisphere at 6423 c$ N (latitude), and 3290 c$ E (longitude). 
Investigation is done on the performance of the chiller with direct solar coupling and with heat storage. For the case 
of heat storage, the heat is reserved in a storage tank, then the storage heat is used to drive the adsorption chiller.  
Heat transfer fluid (water) goes from collectors to adsorption cooling unit, then from adsorption cooling unit to 
storage tank. 
 
Nomenclature          
A area      
W weight      
C specific heat     
T temperature     
m  mass flow rate K  collector efficiency 
U heat transfer coefficient 
I solar radiation 
 
Subscript 
cp collector pipe 
cr collector 
tm tank metal 
wt tank water 
 
2. System Description 
 The basic adsorption cycle consists of two adsorbent beds one condenser and one evaporator. The principle of 
basic adsorption cycle is available in literature [19]. The solar collector panels are connected to the adsorbent beds 
alternately. The storage tank is connected with the adsorbent beds and the solar collector panels. Water is heated in 
the solar collector and transported to the bed. The outflow of this hot water from the bed is then collected in the 
reserve tank. Reserve tank supplies water in the collector again. Schematic of adsorption solar cooling system with 
storage tank is given in Fig. 1. 
Logical programming language FORTRAN with Compaq visual Fortran compiler has been exploited to obtain 
the numerical solution of the proposed model. 
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Fig.1. Schematic of solar driven adsorption space cooling. 
2.1. Mathematical modeling 
A lumped parameter model is exploited to investigate the performance of the cycle. It is assumed that the 
temperature, pressure and concentration throughout the adsorbent bed are uniform. Based on these assumptions the 
energy balance equation of the adsorbent bed, working as desorber or adsorber, energy balance for the condenserand 
for the evaporator are same asrifat et al. [17]. 
Different numbers of collectors are combined in a panel. The heat transfer fluid is equally distributed to all the 
collectors and combined outlet from all the collectors then enters into the desorber. Each collector has nine pipes, 
water enters through the first pipe and the outlet of the first pipe enters into the next pipe thus the outlet of the ninth 
pipe of each collector combines together and enters into the desorber. Hence the temperature of the heat transfer 
fluid in each pipe is calculated separately for all the collectors. The energy balance of each collector can be 
expressed as: 
                                                                                                                                                                                      (1) 
 
                                                                                                                                                                                 (2) 
 
 
where,  i=1,…,9  J  is either 1 or 0 depending on daytime or nighttime. 
The energy balance for the reserve tank can be expressed as: 
 
                                      (3) 
 
where,                                     ,                                 and                                                                                         .               
  
The bed, evaporator, condenser energy balances and concentration in beds are calculated according to Saha et al. 
[18]. The collector efficiency equation and solar radiation equation are considered to be same as Alam et al. [15]. 
The cyclic average cooling capacity is calculated by the equation 
 
                                                                                                                                                                                      (4) 
 
The cycle COP  (coefficient of performance) and net solar COP  ( netsolarCOP , ) are calculated respectively by the 
equations  
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where, I  is the solar irradiance, Acr is each collector area and n is number of collectors. The simulation procedure is 
elsewhere available in Alam et al [15]. 
3. Result and Discussion 
For the climatic condition of Dhaka, 14 collectors with cycle time 1000s is required to run a basic adsorption 
chiller with silica gel-water pair as adsorbent and adsorbate with direct solar coupling [16]. But, by decreasing the 
collector number to 13 and taking 1200s cycle time, indistinguishable performance is achievable with the same 
operating conditions. Thus the collector temperature is 90°C while the bed temperature is 85°C. Besides, when the 
cycle time is increased the bed temperature is above 90°C, which is not suitable for the silica gel-water adsorbent 
bed. Hence the optimum cycle time is 1200s with 13 collectors [16]. On the other hand when the heat storage tank is 
added in the system, it needs more collectors to increase the temperature of the collector outlet. The temperature 
histories of collector outlet for different number of collectors and cycle times for different cases have been 
illustrated in Fig. 2 (a) and (b). The driving temperature of the silica gel-water pair adsorption cooling is 
around80°C. In order to reach this temperature level with storage tank, it needs 20 collectors with 1000s cycle time 
for the base run condition. The system with heat storage tank needs to heat up the huge amount of water in the tank 
first in the beginning of the day,as a result the tank temperature increases slowly and reaches around 78°C at the 
middle of the day and provides almost constant heat supply for the rest few hours of the day. Figure 2(a) illustrates 
the temperature of collector outlet for the system with direct solar coupling for different number of collectors and 
cycle time. In the case of direct solar coupling the collector is connected with the desorption bed. In the basic 
adsorption cooling system there are two beds and the beds are alternately working as adsorber and desorber. The 
heat transfer fluid (hot water) from the collector transfers heat to the desorption bed, looses temperature and returns 
to the collector, where it gains temperature again and travel towards the desorber to complete the cycle. Therefore, 
during the first half cycle the temperature of the collector increases. Then, for the second half cycle the adsorber is 
now working as desorber and connected with the collector hence there is a temperature drop in the heat transfer 
fluid. Consequently, there remains fluctuation in the temperature profile of collector outlet which is visible in Fig. 
2(a). On the other hand, in the case of heat storage, the heat transfer fluid (hot water) from collector is transported to 
the desorber, the outlet of desorber enters the storage tank. Water from storage tank is supplied to the collector to 
complete the cycle. When the system starts working during sunrise time, hot outlet from the desorber enters the 
storage tank and mixes with tank water,the temperature of the tank water increases with time. Since, hot water from 
tank enters the collector, the temperature difference between the inlet and outlet of the collector is very low. Hence, 
there appears a very little fluctuation in Fig 2(b). 
In the month of April at Dhaka sun rises at 5.5 hours and sets at 18.5 hours. The maximum radiation is available at 
around 11.5 to 12.0 hours. Afterwards the amount of available radiation decreases.  When no storage tank is added 
in the system, the collector temperature is maximum at 12.0 hours and reduces gradually (being used up by 
thesystem) to the ambient temperature at the end of the day at 18.5 hours since sun radiation decreases 
andbecomeszero at that time. But when a storage tank is added with the system, the collector temperature need some 
more time to reach its’ maximum in the beginning of the day, however, it provides heat beyond the sunset time. 
³
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In the beginning of the day the temperature of all the heat transfer units are considered to be at 
ambienttemperature. For the case of heat storage, the temperature of storage tank increases with time as it is 
discussed earlier. In this case collector temperature is maximum 80°C at 14.0 hours while 20 collectors with 1000s 
cycle time are considered. Thus at the sunset time, collector temperature is still higher than the ambient temperature 
and take few more hours to decrease to the ambienttemperature, since water is supplied to the collector through the 
storage tank. However, after sunset, collector does not collect any more radiation and loses temperature due to the 
outer surface temperature exchange with the near environment. The tank water is still hot and travels to the desorber 
through the collectors. Therefore, some fluctuation is observed in the collector outlet after sunset (Fig 2(b)).  
The respective temperature histories of the bed for different cases and tank are illustrated in Fig 3. (a), (b) and (c). 
Hence, perceptible changes are present in the performances of the chiller while working with direct solar coupling 
and with storage tank. The tank temperature is 78°C while the bed temperature is 80°C when 20 collectors with 
1000s cycle time is used. After sunset, when the radiation is not available, the hot water from the tank is the 
onlysource of heat supply to the system. Therefore the tank temperature decreases and enables the adsorption 
cooling system to run for few more hours at night. 
 
       (a)                                                                            (b) 
 
 
 
 
 
 
 
 
 
 
 
Fig 2. Temperature histories of collector outlet for (a) direct solar coupling; (b) heat storage 
 
 
      (a)                                                                               (b) 
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Fig.3. Temperature histories of (a) adsorbent bed with direct solar coupling; (b) adsorbent bed with heat storage; (c) Tank, for different cases 
 
The performances of the solar heat driven adsorption chiller are illustrated in Fig 4. (a), (b) and (c). The cyclic 
average cooling capacity (CACC) is 10 kW at 12.0 hours when there wasdirect solar coupling. With the 
advancement of the day this cooling capacity gradually decreases and becomes zero at the time of sunset when there 
is no more available radiation. But, with heat storage, though the system starts two hours later than the direct solar 
coupling, it continues working three more hours after sunset. Besides, in this case the system provides comfortable 
cooling for a longer period of time. With reserve tank, increasing collector number from 16 to 20, enables the 
system start working early. The cycle COP is better without heat storage and with direct solar coupling. The 
maximum value is 0.65. At the end of the day due to the longer cycle time some cooling effect is produced though 
there remains no more heat input. As a result the figure shows a very high value for the cycle COP. If shorter cycle 
is considered, at the end of the day this behaviour will not be present. However, with heat storage maximum cycle 
COP is 0.6 and it remains almost steady throughout the day. It happens due to the continuous supply of hot water 
from the tank. At sunset time, tank temperature is less than usual driving temperature and higher than that of 
beginning of the day. It may require less cycle time than the cycle time at day time. As the system run as a basic 
cycle after sunset, it requires the cycle time same as basic cycle. It can be investigated in future. With heat storage 
the COP solar (net) is lower than that of the case of direct solar coupling. At the beginning of the day the collected 
solar radiation is mostly used up to heat up the tank water. Therefore, the adsorption chiller can make use of a 
fraction of the collected solar heat. In the evening there remains no more solar radiation as a result the COP solar 
(net) as a whole is maximum 0.3 without heat storage at 18.5 hours during the sunset time. On the other hand, with 
heat storage the adsorption cooling unit is still working after sunset hours. In this case hot tank water is the main 
driving heat source. The ratio of total cooling production and exploitable total solar energy is lower in thiscase. The 
maximum COP solar (net) with heat storage at the end of one day is 0.23 at 22.0 hours. 
 
(a)                                                                                      (b)                                                                               
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Fig 4. Performances for different cases: (a) CACC; (b) COPcycle and (c) COPsolar.net 
4. Conclusion  
The study presents a comparative analytical investigation on the performance of an adsorption chiller driven by 
direct solar coupling and an adsorption chiller run by the heat collected from CPC panel stored in a reserve tank for 
the base run conditions. The following remarks can be drawn from the present study:  
x 20 collectors each of area 2.415 m2 is essential with optimum cycle time 1000s to run the solar adsorption 
cooling  system with reserve tank  of size 2.197 m3 with the base run conditions. While it needs 13 collectors 
to run the adsorption cooling system with the same base run conditions with direct solar coupling. 
x The study also shows that the chiller could be operated effectively till late night if heat storage system is used 
instead of direct solar coupling of CPC panel. 
x Collector number can be reduced if the optimum cycle time is used. 
x Cyclic average cooling capacity is 10kW and it occurs at 12.0 hours for the case of direct solar coupling 
while it occurs at 14.0 hours for the case of heat storage. 
x COPcycle increases with the cycle time for the case of direct solar coupling. Whereas, for the case of heat 
storage, at the beginning COP cycle is greater for lower cycle time but it is opposite at night. 
x Maximum COPcycle is 0.65 for direct solar coupling while it is 0.6 for the heat storage. 
x Maximum value of net COPsolar is 0.3 for direct solar coupling and it is 0.25 with the heat storage. 
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